Cyclodextrins (CyDs) have attracted interest as an enzyme model or supramolecular compounds, because they can accommodate with a variety of guests, such as organic molecules or metals, in their cavities in an aqueous solution.
Over the past few years, we have investigated a fluorescent molecular sensing system composed of CyDs modified with chromophores at the C-6 position. [4] [5] [6] [7] [8] [9] [10] These fluorescent CyDs are useful as an indicator for bile acids or terpenoids. In contrast, there have been a few papers which describe the fluorescent binding property of CyD derivatives substituted at the C-2 or C-3 positions. 11, 12 Although, sulfonation of the secondary hydroxyl groups of the CyDs as precursors of functional CyDs has been reported to be more difficult. [13] [14] [15] [16] [17] [18] [19] Teranishi was prepared various sulfonyl CyDs at the C-2 position from sulfonyl imidazole using molecular sieves (4A), in which these procedures are conveniently succeeding under mild condition. [20] [21] [22] [23] Therefore, it would be interesting to design a molecular sensory system of a new fluorescent CyD labeled at both the upper and lower rims. Previously, we found that our fluorescent CyD derivatives can detect endocrine disruptors with high sensitivity and selectivity, 24, 25 in which heteroappended CyDs could more sensitively recognize endocrine disruptors than homo-appended CyDs. This is why we have again tried to study the fluorescent binding ability of endocrine disruptors using the titled CyD compound. Concerning this study, we would like to describe the fluorescent sensing ability of a new host, mono-3
. 26 This host exhibits a qualitative molecularrecognition ability for 1,2-dichlorobenzene.
Experimental

Material
Host γ-1 was prepared according to a previously reported process. 21, 26 
Measurements
The fluorescence spectra were measured at 25˚C with a Perkin-Elmer LS 40B fluorescence spectrometer. For fluorescence measurements, the excitation wavelengths of the fluorescence spectra were 348 nm and the emission slits were 2.5 nm. An ethylene glycol aqueous solution (10 vol.%) was used as a solvent for the host for the spectroscopic measurements because the solubility of the host in pure water is poor. Five microliters of guest species (0.5, 0.05 and 0.005 M) in demethyl sulfoxide (DMSO) or MeOH were injected into a 10 vol.% ethylene glycol aqueous solution of the host (2.5 mL) to make a sample solution with a host concentration of 1.0 × 10 -6 M and guest concentrations of 1.0, 0.1 and 0.01 mM, respectively.
Results and Discussion
Fluorescence spectra Figure 1 shows the fluorescence spectra of γ-1 with and without 1,2-dichlorobenzene in a 10 vol.% ethylene glycol aqueous solution. The fluorescence spectra of γ-1 are composed of pure monomer emission with peaks at around 377, 397 and 417 nm; the intensity increases with increasing 1,2-dichlorobenzene concentration. In contrast, the fluorescence spectra of γ-1 before and after the addition of diethyl phthalate in a 10 vol.% ethylene glycol aqueous solution exhibit a decrement of its intensity as the concentration of diethyl phthalate is increased. It is reported that a guest-induced fluorescence enhancement means that the appended moiety is entering the CyD cavity, and a decrement indicates that the appended moiety is exiting the CyD cavity. 8, 27 The results obtained as fluorescence spectral changes of γ-1 suggest two mechanisms of host-guest complexation: one is that the pyrene moiety is closed into the CyD cavity when a guest, such as 1,2-dichlorobenzene, is added; the other one is that the pyrene moiety exits the CyD cavity when diethylphthalate is added. At the same time, the tosyl moiety is estimated to be included into the CyD cavity as a spacer, regulating the CyD cavity size, as illustrated in Scheme 2. In fact, 3-pyrene-modified γ-CyD possessing no tosyl unit at the upper rim exhibited no response for the guest molecules. 28 
Detection of endocrine disruptors
As previously reported, 27 the extent of the variation of the fluorescence intensity of the host depended on the nature of the guest, even at low concentrations; therefore, the host can be used as an indicator of molecular recognition. In order to evaluate the sensing ability of γ-1, the ∆Im1/I 0 m1, ∆Im2/I 0 m2 and ∆Im3/I 0 m3 values were used as a sensitivity parameter. Here, ∆Im1 is ∆Im1 -I 0 m1, ∆Im2 is ∆Im2 -I 0 m2 and ∆Im3 is ∆Im3 -I 0 m3, where I 0 m1 and Im1, I 0 m2 and Im2, and I 0 m3 and Im3 are the intensities of the fluorescence spectra at 377, 397 and 417 nm for the host alone and in the presence of a guest, respectively. If these three parameters exhibit different or similar values, it is expected that γ-1 would show qualitative recognition of the guest by the sensing patterns. Figure 2 shows the parameter values of γ-1 with 1,2-dichlorobenzene (1), 3,4-dichlorophenol (2), pnonylphenol (7), bisphenol A (9), and diethylphthalate (10) 0 m3 values of -0.163, -0.146 and -0.156, respectively. These sensing parameters, obtained through monomer emission of γ-1 for 10, had similar negative values. Guests 2 -9 were detected with negligible parameters, because the ∆Im1/I 0 m1, ∆Im2/I 0 m2 and ∆Im3/I 0 m3 values are below 0.1 or -0.1. The results obtained from the sensing parameters of γ-1 clarified that γ-1 detected an endocrine disruptor, such as 1,2-dichlorobenzene and diethylphthalate with higher sensitivity and selective monomer fluorescence spectral variations. This suggests that γ-1 recognized a benzene ring having two substitutes at the ortho position, such as guests 1 and 10; however, the sensing ability of γ-1 for guest 1 is greater than that for guest 10. Furthermore, γ-1 shows three different sensing parameters at three fixed wavelength for guest 1. This means that γ-1 can be a highly qualitative indicator of 1,2-dichlorobenzene.
In conclusion, pyrene-tosyl-modified γ-CyD on hetero rims has been investigated concerning its sensing ability for endocrine disruptors. The variation of these fluorescence intensities was used as a parameter to describe the sensing ability. This host exhibited a peculiar determination for 1,2-dichlorobenzene. The pyrene moieties of the host contribute to the elevation or increase, of the sensing ability, approaching the CyD cavity or 1454 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 Scheme 2 Host-guest complexation mechanisms of γ-1.
Scheme 3 Guest molecules.
moving far away from it, when a host-guest complexation occurs.
